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Position, velocity and 
acceleration vectors 


Projectile motion 
Motion in a circle etc 


Position, Velocity and Acceleration 
vectors 
Displacement can be defined 
as the vector difference 
between the initial and the final 
positions of an object OR 


Distance travel in a specific 
direction (a vector quantity) 


* Position vector 


Position vector 
₪ = initial position of an object, 
Я = final position of an object, then 
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= Position vector f гот the origin to the position of the object 
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Acceleration vector 


the acceerction ofan object пагор тот [0 to 1) where 
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Instantaneous velocity and acceleration 


Instantaneous veloaty and acceleration 
Recall that the average veloaty and average acceleration of the object are given as 


I ეუ = пу оз where x-displacement i.e the veloaty of an object at any instant in time (Ie as the 
limit of At 0) is called instantaneous velocity (ny s) 


Шут =0 limAt2 0 [|] АМ  wherev-velodty i.e the acceleration of an object at any instant in 
time (i.e asthe limit of At 0) is called instantaneous velodty (пу 5) 


Veloaty and acceleration 
Velocity is defined as rate of change of displacement (rry s) 
v(t) = = where x=displacement 
dx = VI IL9L 
The displacement, x — " vt from t; to t 


Also, Acceleration is the rate of change of velocity or change in velocity over time 
taken (my s?) 


a(t) — - where v=velocity 


dv = üt 


The displacement, v — I att evaluated from t; to t; 


In 3 Coordinate system, 


In 3 coordinate system, If the displacement is given as 
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Calculations 


Problem 1 


The position of an object moving in a straight line is given by 
x = 3t — 41? + t? where x is in meters and t is in seconds, 
calculate Ре object s displacement between t and t4 s 
(1) the average velocity for the time interval t=2 s and t4 5 
Solution 
At ts, X-3(0)-4(0)^440) =0 m 
At t 5, Xo23(4)-4(4) MP =12 m 
The displacement between t= and t s 212-0 212 m 

(ii) at t=2 5, x=3(2)-4(2) 42 = - 2m 

Recall that att=4s, »—12m 


Problem2 

A particle moves along the x-axis such that its instantaneous position xis given as x = pt?-qt? 
where xis in meters and + is in seconds. If the numerical values of р and д are 2.0 and 1.0 
respectively, calculate (i) the dimension of p and а (ii) apart from t=. At what time iis the 
particle at rest and determine the acceleration at that time 

Solution 

Given that x = pt?-qt? 

Both pt? and qt? must have the dimension of length L 

LPP, Pa/CALT* 
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(ii) Given that א‎ = pt?-qt? V-9 when the particle is at rest 


ОХ САР ב‎ _ 5212 
үеэ. di 2pt — 3qt 
2pt — 34° 20 : t[gp —3qt[] 2 0, t = 007 2p = 34 
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The acceleration, а = - = 2p - 64 = 2] 2]|-- 6 1.33] 1]|= -3.98 m/s? 


Problem3 
Thevelocty of a partide moving alongthe y-axss varies with time according to the expression 
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where tis seconds, Calculate the average acceleration in the time interval t=0 
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Projectiles 


* What is a projectile? Examples 

* What Is a trajectory? 

* Angle of projection (Ө) 

* Time to reach the maximum height (t) 

e Time of flight (T) 

* Range (R) 

e Maximum height (Hmax) 

* Instantaneous velocity of a projectile (V) 
* Calculations 


ж---- Range X 


Ux=U Cos 8 


Projectile-Definition and examples 


* A projectile is a body that is launched into the 
space. Which usually follows a curved or parabolic 
path. 


* [tis a motion under the influence of gravitational 
acceleration and air resistance. 


* It has two types of motion. (i) the constant 
horizontal motion (ii) a vertically downward 
motion. 


* The path taken by the projectile is called trajectory. 
* Examples-Projectile motion 

e -Launching of a mechanically propelled missiles 

* Shooting of arrows, gun and rockets 

* -Throwing of discuss and javelin 

* -taking off and landing of an aircraft 

* -Kicking the ball or throwing of a basket ball 


Time (t) reach the maximum height 
(t) and Time of flight (T) 
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The їтїйд = = ti.ebicethetimeto reach Hr 


Range (К) 


The horizontal distance from the point 
of projection to a point where the 
projectile hits the projection plane 


horizontül distance К 
The horizontal velocity U, = PE AI 
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Range is maximum when Sin 20:1 
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Maximum height (Hmax) 
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Instantaneous velocity 


Instantaneous velocity, V 
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Using Pythagoras Theorem, 
12 + V? = V? 
The instantaneous velocity, V = | V? + V? 


The angle of projection Ө = tan! 5 
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Problem 1 


A gun that is indined at 30° to the horizontal fires a bullet with a speed of 500 nys. Calculate 
the velocity of the bullet 5s after it is fired (0=9.8 my s) and the resultant speed of the bullet? 


Solution 

V, =U, = UCos [] = 500Cos30? 2433 m/s 
U, = USin[] = 500Sin30°=250 m's 

The velocity / vertical component after 5s, 
V, =U, - gt = 250 - 9.8 (5) == ms 
The resultant speed of the bullet, 


И =v(433°42017)=479.4 туз at an angle of projection Ө = tan~! 


[e 


П = tan 48. = 220 


Problem 2 


Problem 2 


An object is projected with а velocity of ЗО ny s at an ange of 400 to the horizontal. 
(i) the time to get to the medmum height 


(11) the medmum height reached 
(11) the total distance covered (g-10ny 52) 


Solution 
A-—30ny s. 0240? 
(i) g= 00000 _ 3001 40 _ у оз 


О 
(ii) The me»dmum height reached 


LI = 506.20 
= LILIILILILI 
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* Questions 1-4 


Circular motion 


* Centripetal force and centripetal 
acceleration 

* Centrifugal force 

* Relationship between 

(1) Linear velocity and angular velocity 

(1) Linear acceleration and angular 

acceleration 
The angular equation of motion 
-Calculations 


CIRCULAR MOTION 


This isthe motion whose acceleration is directed radialy towards the centre of the drde 
"NT. А : კ V2 

and it is given in magnitude as а, = — 

Constant speed 


From Newton's 2™ law of motion, the net radial force (centripetal force) is 


mv? 
I5 = та, – ა 


Centrifugal force (tends to pull the object away from the centre) 
2 


mv 
n = Тас = Ec 
The force Fc) is always directed to the centre and acts perpendicular to the direction 


of the linear veloaty 
Period is the time taken for a particle to complete one revolution around a arcular path 
of radius r is referred to as period (T) of the circular motion 


ყო ine arab erence’ of е drae — ЯВ, ე Sons 
speed V 


Thetangential component of acceleration а, = - 
The linear acceleration is related to centripetal acceleration by 
а] ‚ rad 
d; = = ip where [] = angular velocity ა 
The linear velocity, У=г] 
a-rn]^ SnceF=ma. =ת‎ mr]^ (Newton, № 


. rad 
a = angular acceleration (=) 


The radial component of linear acceleration is the resultant of а amd аг. 
Linear acceleration 
angential acceleration 
Radial component of acceleration 


a^ = a£ +а? 
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а = (a? +a?) 


1 
а = (а? + а2)2 
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S nj displacement along the curved path 


The li locity, V = - = — = j 
e linear velocity Ё L time taken 
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: 0 
Angular velocity w = 3 


The angular equations of motion аге: 
(5-9, w0 and w ainitial and angular speed, a= ) 
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Problem 1 


Suppose the moon is ה‎ ЇС ו‎ 3.8x10? km about the 


earth. If the period of revolution is 27.5 days, calculate the acceleration of the 
moon 


Solution 
R=3.8 x 10? m, Т=27.5 days —24 х 3600 22.37 א‎ 5 


Н e ee ЛЕГЕР 3 
₪ 2376 х 105 ~“ 1* 10 m/s 
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Problem 2 


An earth satellite rotates in a circular orbit of radius 7,000 km (about 600 km above Фе earth! s surface) 
with an orbital speed of 27,000 Ку. calculate: (i) the period of the rotation (ii) the acceleration due to 
gravity at the orbit? 


Solution 
Given that r=7 x 106 m v=27,000 knyh-27000 x 1000/3600 m/s = 7500 nys 
2 75002 


(11) Е = mgr ж = 9-=— = 7957 8.04 mys? 


Thank you 


